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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide Pb-free hot-dip Sn-Mg coated steel sheet having 
excellent corrosion resistance and suitably used for automobile fuel tank material in particular. 
SOLUTION: The hot-dip Sn-Mg coated steel sheet has a plating structure containing 0.1-4% 
Mg and having <20.0 mm major axis of crystal of plating metal at the outermost surface. 
Further, there are cases such that: 0.5-20% Zn and 0.01-2% Ca are contained in the plating 
layer; Ni, Co and Cu are contained in an alloy layer; and an aftertreatment layer consisting of 
an inorganic compound, an organic compound or a combination of the both is present at the 
outermost surface layer. Accordingly, the plated steel sheet has characteristics suitable for a 
fuel tank material free from Pb. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The melting Sn-Mg system plating steel plate characterized by having an alloy layer with a 
thickness of 3.0 micrometers or less on a steel plate front face, and for a presentation containing Mg 0. 1 
to 4% by mass % on the front face, and for the remainder serving as Sn from an unescapable impurity, 
and the major-axis dimension of the plating metallic crystal in the maximum front face having a plating 
layer 20mm or less. 

[Claim 2] The melting Sn-Mg system plating steel plate according to claim 1 characterized by having a 
melting Sn-Mg plating layer on a steel plate front face, and the presentation of a plating layer containing 
74 . 99.9% of Sn by mass %. 

[Claim 3] The melting Sn-Mg system plating steel plate according to claim 1 or 2 characterized by the 
presentation of a plating layer containing one sort of 0.5 - 20% of Zn, and 0.01 - 2% of calcium, or two 
sorts or more by weight % in addition to Sn and Mg. 

[Claim 4] claims 1-3 characterized by having an alloy layer with a thickness of 3.0 micrometers or less 
which contains one sort of nickel, Co, and Cu, or two sorts or more 0.5% or more in total on a steel plate 
front face, for a presentation containing Mg 0. 1 to 4% by mass % on the front face, and for the 
remainder serving as Sn from an unescapable impurity, and the major-axis dimension of the plating 
metallic crystal in the maximum front face having a plating layer 20mm or less - a melting Sn-Mg 
system plating steel plate given in either. 

[Claim 5] claims 1-4 characterized by having the after-treatment layer which becomes a plating layer 
front face from an inorganic compound, an organic compound, or its composite - a melting Sn-Mg 
system plating steel plate given in either. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the outstanding corrosion resistance and junction nature, and 
workability, and relates to a motor fuel tank ingredient, a home electric machine, and a melting Sn-Mg 
system plating steel plate suitable as an industrial machine ingredient. 
[0002] 

[Description of the Prior Art] Conventionally, as a fuel tank ingredient, the outstanding Pb-Sn alloy- 
plating steel plates, such as corrosion resistance, workability, and solder nature (weldability), are mainly 
used, and it is broadly used as an automotive fuel tank until now. On the other hand, the Sn-Zn alloy- 
plating steel plate has mainly been manufactured with electroplating electrolyzed in the water solution 
containing Zn and Sn ion, as indicated by JP,52-130438,A. The Sn-Zn alloy-plating steel plate which 
makes Sn a subject is excellent in corrosion resistance or solder nature, and that to electronic parts etc. 
are used. [ many ] On the other hand, the knowledge of having the property this Sn-Zn plating steel plate 
excelled [ property ] in the motor fuel tank application is carried out, and the melting Sn-Zn plating steel 
plate which controlled the plating organization is indicated in JP,8-269733,A, JP, 8-269734, A, etc. 
[0003] 

[Problem(s) to be Solved by the Invention] The Pb-Sn alloy-plating steel plate used as an automotive^ 
fuel tank material is shifting towards the formation of Pb free along with a rise of earth environment 
recognition in recent years, although the properties (for example, workability, tank inside corrosion 
resistance, solder nature, seam welding nature, etc.) which were excellent in various kinds have been 
accepted and used regularly. On the other hand, the Sn-Zn electrical-and-electric-equipment alloy- 
plating steel plate has been used for the application which is mainly demanded [ nature / solder ] and 
which is not so severe as electronic parts. 

[0004] The above mentioned melting Sn-Zn plating steel plate has the corrosion resistance which surely 
was excellent, workability, and solder nature. However, the further corrosion resistance improvement is 
called for and sacrifice corrosion prevention ability is not fully demonstrated in recent years at the edge 
at which, as for the sacrifice corrosion prevention effectiveness of the narrow cut section (crack which is 
attained to a ferrite) of width, neither the case where the width of the cut section of a certain thing is 
large to some extent, nor plating is covered with the Sn-Zn plating steel plate. 

[0005] Especially in the salt spray test supposing a salt damage environment, a period until it results in 
rust generating is short, and cannot say that it is enough. If the amount of Zn becomes high too much, 
the subject of a plating layer shifts to Zn from Sn, and although what is necessary is just to increase the 
addition of Zn in order to raise sacrifice corrosion prevention ability further, since it is larger than Sn for 
whether your being Haruka, the corrosion resistance of the plating layer itself will be spoiled for the 
elution of Zn itself. This invention solves the above-mentioned technical problem, balances corrosion 
resistance, workability, and weldability highly, and offers the melting Sn system plating steel plate 
which does not use Pb. 
[0006] 
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[Means for Solving the Problem] For the purpose of offering the rust-proofing steel plate in which the 
cut section and an end face carried out improvement in rust-proofing ability excluding Pb, this invention 
persons consider various a plating presentation, coat structures, configurations, etc., and result in this 
invention. This invention relates to the rust-proofing steel plate for fuel tanks excellent in the 
workability characterized by the major-axis dimension of the plating metallic crystal in the maximum 
front face having a plating organization 20.0mm or less, and corrosion resistance through an alloy layer 
with a thickness of 3.0 micrometers or less in the Sn-Mg alloy -plating steel plate containing 0. 1 - 4% of 
Mg. 

[0007] Furthermore, when it contains 0.5 - 20% of Zn, and 0.01 - 2% of calcium in a plating layer and 
contains one sort of nickel, Co, and Cu, or two sorts or more in this 0.5% or more alloy layer, it is 
related with the rust-proofing steel plate for fuel tanks excellent in the workability characterized by 
having the after-treatment layer which consists of an inorganic compound, an organic compound, or its 
composite on the maximum front face, and corrosion resistance. 

[0008] This invention is explained below at a detail. Plating is performed after pretreating removal of 
rolling oil or an oxide film etc. by making into galvanized material the steel plate [ finishing / 
annealing ] which passed the steel cast piece through a series of processes, such as hot rolling, acid 
washing, cold rolling, annealing, and temper rolling, and rolled stock. It is necessary to be the 
component system which controls progress of the corrosion in that it is the component system which can 
process the complicated configuration of a fuel tank about a steel component, that the thickness of the 
alloy layer of a steel -plating layer interface can prevent plating exfoliation thinly, the interior of a fuel 
tank, and an external environment. 

[0009] It is desirable to perform a Sn-Mg alloy plating by the hot-dipping method in this invention. The 
greatest reason nil why a hot-dipping method is desirable is because the direction of a hot-dipping 
method is suitable for reservation of plating coating weight. If long duration is electrolyzed also with 
electroplating, although plating coating weight is securable, it is not economical. The plating coating 
weight range aimed at by this invention is the field of thick eyes comparatively, and its hot-dipping 
method is as the optimal as 20-150g/m2 (one side). Furthermore, since controlling a presentation 
appropriately is accompanied by difficulty when the potential difference of a plating element is large, a 
Sn-Mg alloy has the optimal hot-dipping method. 

[0010] Next, although it is the reason for limitation of a plating presentation, it limits by corrosion 
resistance balance in a gas-tank inside and external surface. Since perfect rust-proofing capacity is 
needed, tank external surface is painted after tank shaping. Therefore, although paint thickness 
determines rust-proofing capacity, the rust prevention effectiveness is so large that there is much Mg 
coating weight in a plating layer as a material . 

[001 1] On the other hand, only in the case of a normal gasoline, the corrosion in a tank inside does not 
pose a problem, but quite intense corrosive environment appears by mixing of water, mixing of a 
chlorine ion, generation of the organic carboxylic acid by the oxidation degradation of a gasoline, etc. 
When a gasoline leaks to the tank exterior by punching corrosion, there is a possibility of leading to a 
major accident and these corrosion must be prevented completely. When the degradation gasoline 
containing the above-mentioned corrosion promotion component was produced and the engine 
performance under [ various ] conditions was investigated, it was checked that the Sn-Mg alloy -plating 
coat which contains Mg 4% or less demonstrates the extremely excellent corrosion resistance. 
[0012] Since a plating metal does not have sacrifice corrosion prevention ability to a ferrite when pure 
Sn or Mg content which does not contain Mg at all is less than 0. 1%, in a tank inside, early rust 
generating poses a problem in pitting in the plating pinhole section, and tank external surface. Since Mg 
dissolves preferentially and a corrosion product is generated so much for a short period of time when 
Mg is contained so much exceeding 4%, there are a lifting and a cone problem about the blinding of a 
carburetor. Moreover, when Mg content increases, the workability of a plating layer also falls. When Mg 
content furthermore increases, solder nature falls sharply. 

[0013] Therefore, as for Mg content in the Sn-Mg alloy plating in this invention, it is desirable to 
acquire 0. 1 - 4% of range and further more sufficient sacrifice corrosion prevention operation, to control 
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the dissolution of Mg, and to carry out in 0.2 - 2% of range for carrying out that it is harder to start the 
blinding of a carburetor. Although rust-proofing ability improves by addition of Mg, 0.5 - 20% of Zn 
and 0.01 - 2% of calcium may be added further. Addition of Zn lowers the potential of a plating layer 
and gives sacrifice corrosion prevention ability. For that purpose, 0.5% or more of addition is desirable, 
and superfluous addition causes a melting point rise, and since it leads to superfluous growth of the 
intermetallic-compound layer of a plating lower layer, it may be 20% or less, calcium contributes to the 
improvement in rust-proofing ability like Mg. However, since the contribution to the rise of the melting 
point is also large, it is preferably [ too ] desirable 0.01 - 2% of to add to an excess. 
[0014] In a hot-dipping method, formation of an alloy layer is unavoidable. It is because what a 
galvanized front face and a plating metal are [ a thing ] well damp (it alloys) is important in order to 
prevent generating of a plating pinhole and to obtain a plating coat with uniform and good corrosion 
resistance. In order to process a complicated configuration like a fuel tank, it is necessary to secure 
advanced workability. Although little generation of the alloy layer must be carried out in order to get 
wet well, since it is hard and weak, when it tends to produce a crack at the time of processing and 
becomes thicker than a certain thickness, a crack will spread it in the plating layer of an alloy layer 
outside, it will produce a crack in a plating layer, and causes plating exfoliation and corrosion-resistant 
degradation by the damage of a plating layer. Such plating exfoliation needs to have a plating kind, 
thickness and a steel type, and very big relation, and when it is this invention, the thickness of an alloy 
layer needs to be 3.0 micrometers or less. 

[0015] For a wettability improvement, it is also effective to change a steel plate front face. In the 
production process of a steel plate, it is hard to remove the oxide formed in a steel plate front face, and it 
checks plating nature. In order to eliminate this effect, nickel, Co, Cu, etc. which are easy to react with 
tin to the steel plate front face in front of plating are galvanized, and wettability is improved, nickel, Co, 
Cu, etc. may be galvanized alone and may be an alloy with Fe, or the alloy of these metals. As an 
amount of plating, it is wrap extent 2, for example, 0.1 - 2.0 g/m, to homogeneity about a steel plate 
front face. Extent is enough. As a product after plating, the rust-proofing steel plate excellent in 
workability and corrosion resistance can be obtained by containing one sort of nickel, Co, and Cu, or 
two sorts or more in 0.5% or more alloy layer. 

[0016] Sn is a subject and, as for the plating layer in this invention, Mg exists in it. This Sn and Mg are 
galvanized on a steel plate front face in the state of melting, and are divided into Sn and a Mg2 Sn phase 
in a cooling process. The case where are by the way and Sn crystallizes as a primary phase bordering on 
the point at the time of cooling and Mg2 Sn of about 2%Mg may crystallize the eutectic point as a 
primary phase. The engine performance of a plating steel plate is greatly influenced by the formation 
condition of the crystal in a cooling process, i.e., how to solidify. The condition of solidification of a 
plating crystal is observable with the naked eye by corroding the front face after plating lightly with 
weak acid or weak alkali. 

[0017] Generally, the small crystalline structure (the crystalline structure is called a spangle below) 
appears, when forced cooling of the degree of pole is performed, but since it builds in a big distortion 
during an organization, corrosion resistance and workability may be inferior in it. On the other hand, if it 
cools gently after plating, a big spangle will be formed and the problem of heat distortion will be lost. 
However, in a Sn-Mg alloy plating, Mg2 Sn may grow greatly. Since such a plating coat shows the 
inclination only for Mg to be quickly dissolved in corrosive environment and it becomes impossible to 
expect the long-term corrosion prevention operation by Mg, it makes corrosion resistance deteriorate as 
a result. Moreover^ since a Mg2 Sn crystal serves as an origin of crack initiation also at the time of 
processing, it is not desirable. Since it is such, in this invention, it is using to add a limit to the 
magnitude of a spangle as main invention components. 

[0018] The major-axis die length of a crystal can define the magnitude of a spangle. Usually, although 
the round spangle was formed in many cases, since the major-axis die length and minor-axis die length 
of a crystal were not necessarily equal, it decided to define by this invention with the major-axis die 
length of a crystal. In this invention, it is more nearly required than the viewpoint of corrosion resistance 
and workability as a spangle after plating for the major-axis die length of a crystal to cost 20mm or less 
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for a spangle 10mm or less still more desirably. Since a Mg2 Sn crystal tends to grow greatly as the 
major-axis die length of a crystal mentioned above as the big and rough crystal 20mm or more, and the 
dissolution of rapid Mg or Mg2 Sn serves as an origin of the crack initiation at the time of processing, it 
is not desirable. 

[0019] Since, as for a fine crystal 1.0mm or less, the major-axis die length of a crystal builds in a big 
heat distortion during an organization, it is worried, but heat, such as paint baking, is applied in the 
process processed as that Mg2 Sn is extremely distributed by homogeneity and a fuel tank, and since 
disconnection of distortion is expected, the engine performance which was excellent as practicality 
ability is expected. Therefore, it is not necessary to set up especially the minimum dimension of a 
spangle. In this invention, thoroughgoing corrosion resistance is expected by performing after treatment 
which consists a plating layer front face of an inorganic compound, an organic compound, or its 
composite further. This processing has the effectiveness which the Sn-Mg plating, layer of a substrate 
has very good familiarity, and covers defective parts, such as a minute pinhole, or is made to dissolve a 
plating layer, and restores a pinhole, and raises corrosion resistance sharply. 
[0020] 

[Example] An example shows the quality characteristic of the rust-proofing steel plate for fuel tanks of 
this invention. 

(Example 1) Mg was introduced into the Sn-Mg plating bath (temperature of 350 degrees C) included 
1.5% after applying the flux for plating which contains a zinc chloride and a hydrochloric acid for a steel 
plate [ finishing / annealing of 0.8mm of board thickness, and pressure regulation ]. From the plating 
bath and the post-plating bath to which the steel plate front face was made to fully react, the steel plate 
was pulled out, and coating weight preparation was performed by the gas wiping method, and it cooled 
quickly. The steel plate after plating is 0.7-micrometer FeSn2. It was what has the alloy layer, the 
coating weight (total coating weight of Sn+Mg) of 32g/the plating layer of m2 (per one side) made into 
a subject. They are 15 mg/m2 as chromium on this front face. Chromate treatment of coating weight was 
performed and it considered as the product plate. 

[0021] In order to question the crystalline structure of this steel plate, when the hydrochloric acid 
corroded the front face lightly 1%, the crystalline structure accepted with the naked eye appeared, and 
the average of that major-axis dimension was 6.5mm. After cross-section polish, when the distribution 
condition of Sn and Mg was analyzed in EPMA (electron probe microanalyzer), the uniform distribution 
condition was checked. In the pressurized container, 10vol(s)% water was added to the compulsive 
degradation gasoline left at 100 degrees C one whole day and night, and etching fluid was produced. 
When the 45 degree-Cx3 week corrosion test was performed in this etching fluid, the eluted metal ion 
was judged to be what shows good corrosion resistance, although Mg is a subject and 2000 ppm elution 
was accepted. 

[0022] (Example 2) They are 0.8 g/m2 to a steel plate [ finishing / annealing of 0.8mm of board 
thickness, and pressure regulation ]. Electric nickel plating of coating weight was performed, and Mg 
was introduced into the Sn-Mg plating bath (temperature of 350 degrees C) included 3% after applying 
the flux for plating containing a zinc chloride and a hydrochloric acid. From the plating bath and the 
post-plating bath to which the steel plate front face was made to fully react, the steel plate was pulled 
out, and coating weight preparation was performed by the gas wiping method, and it cooled quickly. The 
steel plate after plating is 0.5 -micrometer FeSn2. It was what has the alloy layer (17% of nickel content) 
and the plating layer of coating weight (total coating weight of Sn+Mg) 33 g/m2 (per one side) which 
are made into a subject. They are 12 mg/m2 as chromium on this front face. Chromate treatment of 
coating weight was performed and it considered as the product plate. 

[0023] In order to question the crystalline structure of this steel plate, when the hydrochloric acid 
corroded the front face lightly 1%, the crystalline structure accepted with the naked eye appeared, and 
the average of that major-axis dimension was 12.0mm. After cross-section polish, although a little big 
Mg2 Sn crystal was somewhat observed compared with the example 1 when the distribution condition 
of tin and zinc was analyzed in EPMA (electron probe microanalyzer), the almost good distribution 
condition was checked. In the pressurized container, 10vol(s)% water was added to the compulsive 
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degradation gasoline left at 100 degrees C one whole day and night, and etching fluid was produced. 
When the 45 degree-Cx3 week corrosion test was performed in this etching fluid, the eluted metal ion 
was judged to be what shows good corrosion resistance, although Mg is a subject and 3000 ppm elution 
was accepted. 

[0024] (Example 3) They are 0.8 g/m2 to a steel plate [ finishing / annealing of 0.8mm of board 
thickness, and pressure regulation ]. Electric nickel plating of coating weight was performed, and Mg 
was introduced into the Sn-Mg plating bath (temperature of 400 degrees C) included 2% after applying 
the flux for plating containing a zinc chloride and a hydrochloric acid. From the plating bath and the 
post-plating bath to which the steel plate front face was made to fully react, the steel plate was pulled 
out, and coating weight preparation was performed by the gas wiping method, and it cooled quickly. The 
steel plate after plating is 0.7-micrometer FeSn2. It was what has the alloy layer (12% of nickel content) 
and the plating layer of coating weight (total coating weight of Sn+Mg) 30 g/m2 (per one side) which 
are made into a subject. They are 10 mg/m2 as chromium on this front face. What performed chromate 
treatment of coating weight, and the non-processed material which does not perform chromate treatment 
were produced. When the same corrosion test as examples 1 and 2 was performed about two kinds of 
this steel plate, non-processed material was accepted as it is better for chromate treatment material to 
perform after treatment for accepting 4700 ppm Mg elution compared with 2100 ppm Mg elution, and 
expecting corrosion-resistant improvement further. 

[0025] (Example 4) They are 0.3 g/m2 to a steel plate [ finishing / annealing of 0.8mm of board 
thickness, and pressure regulation ]. Electric cobalt plating of coating weight was performed, and Mg 
was introduced into the tinning bath (temperature of 340 degrees C) included 1% after applying the flux 
for plating containing a zinc chloride and a hydrochloric acid. From the plating bath and the post-plating 
bath to which the steel plate front face was made to fully react, the steel plate was pulled out, and 
coating weight preparation was performed by the gas wiping method, and it cooled quickly. The steel 
plate after plating is 0.5-micrometer FeSn2. It was what has the alloy layer (7% of cobalt content) and 
the plating layer of coating weight (total coating weight of Sn+Mg) 35 g/m2 (per one side) which are 
made into a subject. They are 12 mg/m2 as chromium on this front face. Chromate treatment of coating 
weight was performed and it considered as the product plate. When the same corrosion test as examples 
1 and 2 was performed about this steel plate, the elution metal ion showed 1800 ppm and good corrosion 
resistance. 

[0026] (Example 5) They are 0.6 g/m2 to a steel plate [ finishing / annealing of 0.8mm of board 
thickness, and pressure regulation ]. Electrolytic copper plating of coating weight was performed, and 
Mg was introduced into the Sn-Mg plating bath (concentration of 360 degrees C) included 1.5% after 
applying the flux for plating containing a zinc chloride and a hydrochloric acid. From the plating bath 
and the post-plating bath to which the steel plate front face was made to fully react, the steel plate was 
pulled out, and coating weight preparation was performed by the gas wiping method, and it cooled 
quickly. The steel plate after plating was what has the alloy layer (10% of copper content) and the 
plating layer of coating weight (total coating weight of Sn+Mg) 45 g/m2 (per one side) which make 0.6- 
micrometer FeSn2 a subject. They are 18 mg/m2 as chromium on this front face. Chromate treatment of 
coating weight was performed and it considered as the product plate. When the same corrosion test as 
examples 1 and 2 was performed about this steel plate, the elution metal ion showed 1400 ppm and good 
corrosion resistance. 

[0027] (Example 6) After applying the flux for plating which contains a zinc chloride and a hydrochloric 
acid for a steel plate [ finishing / annealing of 0.8mm of board thickness, and pressure regulation ], Mg 
was introduced into the Sn-Mg-Zn plating bath (temperature of 350 degrees C) which contains Zn 8% 
1.5%. From the plating bath and the post-plating bath to which the steel plate front face was made to 
fully react, the steel plate was pulled out, and coating weight preparation was performed by the gas 
wiping method, and it cooled quickly. The steel plate after plating is 0.7-micrometer FeSn2. It was what 
has the alloy layer and the plating layer of coating weight (total coating weight of Sn+Mg+Zn) 32 g/m2 
(per one side) which are made into a subject. They are 15 mg/m2 as chromium on this front face. 
Chromate treatment of coating weight was performed and it considered as the product plate. 
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[0028] In order to question the crystalline structure of this steel plate, when the hydrochloric acid 
corroded the front face lightly 1%, the crystalline structure accepted with the naked eye appeared, and 
the average of that major-axis dimension was 6mm. After cross-section polish, when the distribution 
condition of Sn, and Mg and Zn was analyzed in EPMA (electron probe microanalyzer), the uniform 
distribution condition was checked. In the pressurized container, 10vol(s)% water was added to the 
compulsive degradation gasoline left at 100 degrees C one whole day and night, and etching fluid was 
produced. When the 45 degree-Cx3 week corrosion test was performed in this etching fluid, the eluted 
metal ion was judged to be what shows good corrosion resistance, although Mg and Zn are subjects and 
2100 ppm elution was accepted in total. 

[0029] (Example 1 of a comparison) Coating weight 40 g/m2 of the terne sheet (lead-tin alloy plating 
steel plate) currently conventionally used as a gas-tank ingredient When the same corrosion test as an 
example was presented with the ingredient, it turned out that 9700 ppm and 1200 ppm of iron are eluted, 
and lead is inferior to this invention steel plate. 

[0030] (Example 2 of a comparison) By the same procedure as an example 2, they are 0.8 g/m2 to a steel 
plate [ finishing / annealing of 0.8mm of board thickness, and pressure regulation ]. Electric nickel 
plating of coating weight was performed, and Mg was introduced into the tinning bath (temperature of 
350 degrees C) included 1.5% after applying the flux for plating containing a zinc chloride and a 
hydrochloric acid. From the plating bath and the post-plating bath to which the steel plate front face was 
made to fully react, the steel plate was pulled out, coating weight preparation was performed by the gas 
wiping method, and garadual cooling was carried out. The steel plate after plating is 0.5 -micrometer 
FeSn2. It was what has the alloy layer (17% of nickel content) and the plating layer of coating weight 
(total coating weight of Sn+Mg) 33 g/m2 (per one side) which are made into a subject. They are 12 
mg/m2 as chromium on this front face. Chromate treatment of coating weight was performed and it 
considered as the product plate. 

[003 1] In order to question the crystalline structure of this steel plate, when the hydrochloric acid 
corroded the front face lightly 1%, the big crystal grew by garadual cooling and the average of that 
major-axis dimension was 30.0mm. After cross-section polish, when the distribution condition of Sn and 
Mg was analyzed in EPMA (electron probe microanalyzer), compared with the example 2, much 
needlelike huge Mg2 Sn crystals were observed, and the segregation condition of Sn and Mg was 
checked. As a result of the same corrosion test as an example 2, 5200 ppm Mg elution was accepted and 
corrosion-resistant degradation by the huge Mg2 Sn crystal was accepted. 
[0032] 

[Effect of the Invention] By this invention, it excelled in corrosion resistance, workability, and 
weldability, and the lead free rust-proofing steel plate for fuel tanks borne also to a degradation gasoline 
etc. for a long period of time was obtained. 
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(54) B6W©«#a 8MSn-Mg*»t>«iWg 



(57) imi 

*mt LT^S: P b 7 'J -OSK Sn-Mg^tf>-5# 

& «> - J ^ A««*«*€M1fe*« 2 0.0 ramtlTOft 
jgWi, ZnO. 5 — 2 0%, CaO. 0 1 — 2% 

*ft-?§efc*wrs*&^, Ni, co, cumi 



(2 

1 

im& i ] mmmiz. m*3. ou miar^^ 
*£*u -eo^iS(caj£*^A%T\ Mg^o. i- 

T^ft o # if &*-r & i t * »at -f ft »MS n - M g 

[H*ffl2] <M^ffi£8flItSn-Mgtf>->i*flfc*r 
***t*ik*««i:-f*lir««lfc:E«<iO«fBISn 10 

-Mg^tootjpHR. 

[»*83] J6-3§Ji<?Dffifj^Sn x MgiCMi.. ft 
4%TZnO. 5—20%. CaO. 0 1— 2%<7)1S 
4fctt2TOUi*«*i-*;k*»«kt*JI«fll 4 

l»*«4 ] MHRMIC, Ni, Co, C u<7) 1 M& 
fc»i2«2U:*£ffTO. 5%VJ±tt-fm&3 . 0 

g £ 0 . 1-4 LS&A* Sni 

20mmiaTmo|J|^ttl.;iJ^J:tSllf 
g 1 - 3 V vfft>Cfe«£MS n — M g jRJt>-a S M 

i t Srwat-tsai** i~4 ^-fixtHzimm m 

[00 0 1] 

[fKBw«-r*tS»5Hff] **DM4* «ifcW**L « 30 

^tt, *ntt«Miu 

ttSfflft. &l£l8M*ffik U-C»lP5r*IBiS n-Mg| 

s mmzmti twfc ft . 

[0002] 

[t*«] mA?y?ttmt ixzntxm 

Att. Juitt. WXtftt (*«Ht) »««U:Pb-s 

y?k LT«J(£<ttffl§*rO*4. Sn-Zn£ 
gflHKIi. P"Jiif^K5 2-1 3043 8-f£ 
WtcBH^fLfciat:, ZniJit/Sn-f^-ySr-^tf* 40 

fc. SnSr±«ct-r*Sn-Zn^Arto#itlR{i. Bf 

*vO>*. g»*»4^>-^ffl^T^cOS n-Z 

- 2 6 9 7 3 3#&$8, 1$HH*8 - 2 6 9 7 3 4 
^W«WKc*JV^Ts »^*lW»i!WLfcJ«llSn-Z 

[00 03] 

imwmmLZot-rmm mmm?y?m 50 
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2 

WkLTteffl$itT#£Pb-Sn££^#$J£i4. 

14, »axtftt, i—A*«tt») mtbhtimztix 

%Kit>K &wwmt8mn&i OfcottP b 7 'J- 
fccryfiHzWft L^hh.-H. Sn-Zn 

[0004] mnamtsn-znih^mmt. v 
ft. u&>u as*, nti:imi&<?)to±#$*>t>tixt$ 
4 ko%M) vmmmmih t ws.h s *> 

[ooo5]^c *«^**sufeffl*i«ittwirr 

frr>%mn3&tf ! Snfrii,Zn'\t&fil,X\'^. Zn 

*oi}^tt^^t>tift. #?Huii, ±ieomjs&^ 
u w*tt. autt, mmm^mz^yyxL, Pb 
fc*OTt*v«iistiaw)o#ii«*iiflw-*t<o'c* 
ft. 

[0006] 

ffi-rftik SrSWtc, • ^SSfil^ • WlSM* 

0. l~4%«Mg*£trSn-Mg££tt-5$*!Kfc 
fc^Ts 3. 0iumJaT<0W»«^4«Sr^LTs ft* 

miz&m « ^jsisa^^^* 5 20. 0 mmia 
t<o*>-? $ fflis^fl-r ft ^ t ^#stk-r ft jpitt. ist^ 
ttK«utam^ y ^ffliswiwtRidw* i «tj> ft . 

[0 00 7] SW4. ZnO. 5-2 0%. CaO. 0 
l-2%^i6o#®^Wtft^, Ni, Co. Cu 
Wl«*fcW:2WSUifc, 0. 5%Ja±BE^41+fc* 

$>ftv^4, «aafb^ft*sv^4*aMk^ 

ft, 4^i4foS^ll4 , 9 : tftf^ffl®&ft*Iit*-r 
ft^*^ftik^#«Sk1-ftJnltt. iSJAttCflbx*: 

y ?«l$ifi»cl»-rft t> ot*J>ft . 
[0008] jarc*»sfco^TPaiwR«!w ft. * 
«*£&fi jBi • ira • ftmm ■ mm • wkb&ko 

%®tix. Emhiwmmmmmmt: 

^o«t!5r»K{cJiil-c# hfS&lfcXbh i k . ^-46 

-> %wm<rtMMtMm< ^ mmm±x* 
ftcik. Mw^y^rtaitJiiwafflwifcfcfti**^ 



(3) 

3 

[0009] *»grc«» s n -m g-&*«>-3 zimm 

SrH. *#PJ?ffl5fco&tf*W8!Wi, 2 0-15 0 

a6, s n -m g-&A»±iSM>t>-3 . 
[0 0 10] <Kfc«>->*ajS<0RRjgai6T'»**«, #v 

[ooii] *v?rtBrcwJMtti. jES&tfv 
JW4ffi»TflHifcWAtt*»»t & C b immtiti. 

[0 0 12] Mg££<*i$:V46Sn4fcH:Mg-Mr 

s#o. i%m<ry®%. #>^%±ms t mkizni,w& 30 
Mgtf4%zmtx$>mzi?±tiz>®£, M g # 

h. ifc, MgttMtf&<%$>Zbiz£~>Xtb~>ZM 

[0 0 13] Ltztf^X, *SKHtefc»tftSn-Mg£ 
&y>-7&te4JlteMg-Mr*<i N 0. 1~4%<DI5B, 40 

Sic, i»)-HJ-*«ttl»Aflsfflm Mg<o»Wfc««I 
LT^TV^-OBlSt 19 Sri Uc< 
{40. 2~2%0«Hfc1-*£i:* { 5M.U\ Mg<98& 
jtarfiMM6tifo±*f J5fcZ n 0 . 5~2 0%, C 
aO. 0 l~2%S-»LTi)J:V^ Z nOgsflDtitf)-? 

« o . 5 %ja±<o«an*«aa t < . 
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^tubmitzmttti ztitwi *) 

#2L<&<0. 0 1~2%#S2U\ 
[0014] i»>o #ffifc*J^ttt. £&Jf 
mVhZbitX-Z*^. *>o*tf.y*-7ttf>&££l*ih 
L^tW4ttJMiF4«>-»*AJKt»ftfe«>fcli, 

&i. £&JKi. &<mi>^(c(i'>fl£)£L&Wi 
(f&fe&v^ ®< mv^rfttlBliWc^ 9 -y ? 

5 •/ Lft^ittSMifJ i t 

flW)JWifc44. £ O <fc 3 fts^ #5081(4. 

££»3JI &143 . 0 /imfilTT'ftSjfifS**** . 
[0015 ]mtt<0iS»tf)fctf>teli, ffl^UfflSr^-fb 

z&izbi>^%)X'hz>, muomMxmz&^x. m 
mfm£m&ztiiwtttMiM& uz< n t, <nx*h 0 . 

memummizmbRfci^t^Ni , co, cum 
u mti&zm?t&. Ni, co, cutii 

n^c^Ja|S|±(7)^'C*J>')'Ct^^. ft*)* Ab IX 

\tmmmi^zm.onM. mtao. 1-2. og 

i, Co, Cu«l8*fctt2«J*U:fc0. 5%M±£ 

mmz^-tz>i\bxDwi>&, m-kmzfetitmmm 
m&hzbwx^h. 

[0016] *milzmiibi #Jf liS n 
?§IM^I^-CiB^ffi(ca6o # $ ix. ^ai3§gtT s n 

H il^M g 2 S nffl£#Srt6 . ft a B B ^4^ 2%M g<7) 

b^bx-h*). *<r>&*mzLx. ftwmizsnffin 

StL-Ci&aj-r Mg 2 SmWDAtLTAffl 

*iv^i»r;l/*U-Cli<«*1-*ii:teJ: OWHRtef 
Z>ZbtfX'%Z>. 

[0017] Hm^a^^Mm m&imzui 
Tx^yyubVFt) (is a«0>ftaHfra*ff->fc«£ 

(4. Mgz Sntf±%<fofkLXL& om^i>hh. i 



(4 

5 

klz%h. 4fc. Jnifltfc, Mg 2 Sng 9 B 9 ^7 7 

[0018] 7J*yyi\*ft& § 14, ISAo£@ft3 fc 

ft§<4^ L< $r^fc*>. *&nBTttt&&«)£&£3 

tS£4 0 . ft-? # «n^Ay/;i/t L*C . t£ fiff>£@3 10 
S#2 OmmJMT. JgKS* L<{il OmmiaTOXA* 

y^ fc-r a -r t iftmvb h . &&?>m&zif 2 0 
g 2 s n tfjnmsco? 77? t%ht&> fcif 

[0019] » AOft&JlS A* 1 . 0 m mWTO«lHtt 

^/I^TIR^£«fcR^S*&®<4£K «t 
ft^*£ffi£®c*&fc^**^4^fr£ 
«L afcJ4*0>S^J:D*Sft^£fT3£i:t::J:D 
7J±<7)ffl^tt*«llT$^§ . £ cr$miZT®e> Sn-M 

[0020] 30 

tfcf^s Mg£l. 5%-£tfSn-Mgft-5#£ (iaK 
3 5 0*0 fc*ALfc. ft-^&£SMffi£'+4H:R 
J&ZitlzW>r>$®i*)M&tt\$iiiL* H7J?A t°y 

mmi. 0. 7jumOTeSnz £±ftiTI>-&&l£: 
ft** ( Sn+Mg^fl) 3 2 g/m* (frffl$> 40 
£9) ^o fctf>Ttt>ofc. iWHffi±fc 
^DAisLTl. 5mg/m2 *5fttHttf>?O.X-b*!J31 

[002 1] C<0«WRO»fl«I«|*W^i3t«>, 1 
fc. Brfflffigft. SniMg«*W»iEPMA (« 

o o -cc— l^5$m^€^' v > 1 1 o v o 1 50 
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4 5-CX 3 SHaoJg&iiSgtefr-? fc k Zb. LfcA 

jR-f *v\m ztf±wz'b *) „ 2 0 0 0 P P m^saj** 

[0022] (2IJ&60IJ2) WiMO. 8mmcr>jm. IBJE 
&*ff>mi&£.0. Be /mi ertMHttoia^vtrfWh 

(a^3 5 o°o wiAtfe. fto#?§kiaiMiH- 

£«<*XW»±, 0. 5/im^FeSnj &±flck1-4-& 
6« ( 1 7 %tf)N i H«A ( S n + Mg^ 
fl)3 3g/m ! (frffiJ)^ 1 ;) «fto*Jg**t* 
i><7)X'$)itz. rt7)^B±(3?QAi L,T 1 2mg/m 

[0023] ;<0««<^>|giia«*W^ifc«>, 1 %*£ 

mtmi. tomrtmww&te 1 2 . ommt^ 

fc. BfiSffMfflL iiiili««MEPMA 

mm 1 wb^^^^^M g2 s nm»#&Fmz 
izx. 10 o'ct-ifflii^aMM^'y y ytc 1 

0vo l%«*£SanU»A»£tf*UI:. i««A«t 

ttts 4 5 , cx3jiia<o«rfta»^ff-?fci:i^>. s 

itJL^Jg-f^y{iMg^±#:T'J)0, 3 0 00ppm 

[00 24] (mmi3) WMO. 8mm(OM, IE 

X£M?fiL*:f!L Mg2r2%^Sn-MgJ6r.#?§ 
(SS4 0 0°C) fcSIAUfc. tb~?%®kMMmMZ+ 

tf^^^is 0. 7^m<59FeSn 2 Sr±«st-ri»^ 
AJH ( 1 2 i £*f) kftJSi ( S n + Mg<^ft 
«)3 0g/m2 (j^ffl^O) <0fe-j*S^*T4 
i>C0?Jb->tz. :^HiC?oAJ:LT10mg/m 

HfflMl*JJ:V2J:RaW)«AIS«*ff-jfc 
ti^>, ?n^-hMfflW{i21 0 0ppm«0MgJ§ffi 

tcjt<. *ytaawi4 7 0 0 p p mcoM g^ttj*^^ 

[002 5] (*]5feC?lj4) «1S0. 8mm«, Iff 
af*«0<(MKft:0. 3g/m2 Oft^MO^^y^hft 



(5) 

7 

x &wfi uwa. Mg^i %istsmr, m im. 3 4 

(TO fc^AU:. ^#mtS@8M£+4H~50S$ 

tt s 0. 5//mc7)FeSn 2 *±*t"f4^B ( 7% 
ifffKSn + Mg^)Mii) 3 

ofc. r^a±(C^nAt LT 1 2mg/m! C7)tt% 

6 , mtH^m^ * yf± 1 8 0 0 p P m i litf&W&tt £ 

[00 263 (X)tM5) *W0. 8mm<OM#6s HE 
ifcW!>««fc:0. 6g/m2 <Oti#Mtf)1IS0IW>->£«r 

tfLfct*. Mg*l. 5%#tfSn-Mga6-3#® (?g 
S3 6 0°C) CSALfc. fto*JSk«W«lift+*fe 
»6S*tl(W>o*»J:"jlPtt»9r*{lSU ^7 -ft 

commit. 0. 6j«m«FeSn2j±fttn^iI 20 
( 1 0 ) b #« (Sn + M gV&mR ) 

Saj&B4 ^y{il400p P mt &&&«&tt£ 

[0027] (HM0IJ6) fistlfO. 8mm«, iff 

?X«MSLfcflL Mg£l - 5%. Zn^8%ttfS 30 
n-Mg-Zntf>o£® (&£3 5 0°C) fc*ALfc. 

ffVXi&ftfflLfc, ^#f&0$88&t 0. 7/xmtfOF 
eSni S:±*tf*^)ikfMMI(Sn + Mg + Z 
n *>£tf«M ) 3 2 g/m* ( frflB&Jt 0 ) -o £ M 
ttthi>(?)X'h~itz. Zcr>ikW±.lZ?aJ>bLX15 

fc. 

[0028] i<OiBR^*fla«*W^43t«>. 1 %«S 40 
ITC*11«r*l< t t £ * rtR-ClgA *>fi & t£ JMB. 
IftWWU *<7>5l*f8^%«tt6mmr*>ofc. Iff 
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mmm.. SnkMgkZn^^EPMA (f 

o or"c-saafeaLfc3§«Bi^^y y >iz 1 o v o 1 

4 5*CX33iiakO**l«»&ff-3fcfci6, »HJLfc4 
K-f *yiiM g t Z n #3E.#X'h 9 , £ft? 2 1 0 0 p 

[0029] (Jt$0iji)fis#. xvvyfyttmt 

LX®M2tiX^l?-y>'-h (8-»£Atf>o&II 
80 <Wtl4 0g/m« Otm*, 
AKBfcftU:i:£*. it^97 00ppm > 2 
0 0 p p mjgai U *mfflfo£ *)%&Zb tffrfrn 

[0030] <ttRH2 ) H»W2 fcRWto^WT, « 
J5 0 . 8 m mCDim, «flE8f*<0«WK(C 0 . 8 g/m^ 

m*^fo->zm7 7'7 7x*m>ud!k. Mg*i. 

5%-£tfffitf>^£f8 (SJg3 5 0°C) fc*Al,fc. 
* $ fc fcEiGS t)MWL 

UB^atfc. 0. 5/imCOFeSn 

2 ( 1 7%<DN iHG) bmR 

(Sn+Mg«£#«) 3 3g/m2 (frMfcfcO) 
<M>r>£M£^tll>?>X'b~>t:. Z<nim±.lz7nJ± 
bLX12mg/m* C0ttmB.C07v*-himZ'fi^ 
W&Mb Lfc. 

[0031] zcoMfco>mmmzm<&tzit>. i %js 

»Cimin<«itLiib^ «&ajKcJ:9*#*IS 
AtfJft£ L , jaWSW&iKi 3 0. 0 m mT* 
ofc. RffiBHSft. S n fc Mg«M«M E P M A 

HIS#J2Kit<#ttt'De* : 5rMg2 Sni^ B B B A^ 
1!!^$^, SnkMg Ofi$f«ll^HI2§ ft£ . 
W2tH«<08MtKH«IS*. 5 200p P m«MgI 

[0032] 
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C2 3C 28/00 
28/02 
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C2 3C 28/02 
B6 0K 15/02 
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mmm Km mm mmm m mm 

(72)%®% M F?-A(##) 3D038 CA04 CA05 CA06 CC19 

mmoikit%mpm&mwi%i^ m 4K027 M02 M03 M05 AA22 abo2 

B*^^^tt;Vi(iMfiSfl*l AB05 AB13 AB26 AB46 AC03 

AC15 AC62 AC82 AE23 
4K044 AA02 AB02 BA06 BA10 BA15 
BA21 BB03 BB04 BC02 BC05 
BC08 CA11 CA16 CA18 



